Walking ability is a vital component of validated test procedures to assess mobility impairment in multiple sclerosis (MS). The methods used to assess walking ability vary widely between treatment centres, and the accuracy of the methods used and numbers of parameters determined to analyse specific aspects of walking and gait are often limited. The questionnaire-and task-based methods used to assess walking in MS can be divided into different categories. First, there are the general-purpose tests such as the Expanded Disability Status Scale (EDSS), the Multiple Sclerosis Functional Composite (MSFC), the Family Assessment of Multiple Sclerosis Trial Outcome Index (FAMS-TOI) and the Short Form-36 (SF-36). These, particularly EDSS, are widely used in MS to assess limitations of all activities and social participation, of which walking is only a part. Others, such as SF-36, assess health-related quality of life (HRQoL). Second, there are methods designed to specifically assess walking or gait, including the timed 25-foot walk (T25FW), the Dynamic Gait Index (DGI), the 12-Item MS Walking Scale (MSWS-12) and the Timed Up and Go Test (TUGT). These test methods require minimal equipment to perform such as a stopwatch, a hallway or a chair, and can be completed at a medical centre in a few minutes. Most of these tests provide reliable and valid data but some lack accurate assessment of gait and some require clinician training. Third, there are tests that specifically measure balance, such as the Berg Balance Test, in which the patient completes a series of balance exercises while being observed. A recent development is the use of accelerometers to monitor MS patients over extended periods; these can provide more accurate data than patient self-report tools. In future, it is likely that more specific tests of walking ability will be more widely used as an important part of MS diagnosis and to more precisely monitor disease progression and assess patient needs.
Disease Progression in Multiple Sclerosis II. Methods for the Determination of Walking Impairment and Its Impact on Activities and Social Participation Overview of Disability and Walking Impairment in Multiple Sclerosis
In multiple sclerosis (MS), walking ability is an important component of a variety of validated measures of mobility impairment. [1] [2] [3] The methods used to assess the degree of impairment vary widely between studies, investigation groups and treatment centres, and few of the more commonly used approaches determine walking impairment with sufficient precision. In fact, subtle changes in walking ability can indicate early stages of neurodegeneration, but these signs are not used as a central part of the diagnostic process in MS. Moreover, detailed changes over time are rarely monitored in sufficient detail at any disease stage. The continued accurate monitoring of mobility is important in determining both the treatments and support needs of patients. A variety of methods have been used to assess outcome measures in patients with MS in many studies. 4 The most frequently used scales determine disability and mobility only as a component of overall disease assessment, but many neurologists and rehabilitation specialists argue that these do not provide an adequate assessment of mobility and certainly fail to capture small changes that can indicate the gradual accumulation of neuronal loss. [5] [6] [7] The purpose of this article is to outline the more commonly used methods of general disability assessment in MS and also the methods for specifically analysing walking ability, gait, balance and the likelihood of falling. It will also discuss the advantages of some of these test methods and consider the clinical studies in which they have been used.
Methods for General Assessment of Activities and Social Participation in Multiple Sclerosis
In clinical studies of MS, and in regular practice, a variety of methods are used for the general assessment of activities and social participation. Many of these methods were designed for application in different diseases or across a general health spectrum; some were designed to assess overall health-related quality of life (HRQoL) and, Has poor psychometric properties a trained examiner, usually on mobility (see Table 2 ). and a modest inter-rater reliability; a neurologist). lacks linearity. 10 Multiple therefore, determination of mobility is only a component or subscale within a larger set of assessments. Thus, the detail these methods provide in determining mobility is limited, as they address many aspects of the disease. An overview of the more frequently used general methods for such assessment in MS is given in Table 1 .
The most frequently used scale in MS mobility assessment is the Table 2 . EDSS is considered a 'standard' method and is almost universally recognised by neurologists. It has therefore often been used as part of the inclusion criteria for numerous MS clinical trials and is also commonly used to rate patients in clinical practice. 7 Despite its wide utilisation, EDSS has also been much criticised because it defines ambulation only in terms of the distance a patient can walk and assistance needed; qualitative changes are not assessed and it is considered by some to be insufficient to fully assess disability. 7 Further criticisms include poor psychometric properties, 10 a modest inter-rater reliability and lack of linearity.
Increasing disability, as indicated by rising EDSS scores, is closely associated with the degree of neurological pathology (particularly the extent of lesions and decreased brain volume) as detected by magnetic resonance imaging (MRI). [11] [12] [13] In an analysis of multiple studies in MS, a cross-sectional correlation was reported between MRI T 2 parameters and EDSS scores in MS patients at different disease stages (correlation coefficients were 0.15 for secondary progressive MS (SPMS), 0.55 for CIS and 0.60 for relapsing-remitting
MS [RRMS]
). In a study of SPMS patients, a correlation of up to 0.81 between the presence of MRI black holes and EDSS scores was reported. 11 In other studies, the correlation between disability and MRI lesions in MS patients was considered to be weak, most likely owing to the unpredictable consequences of damage at different brain sites and the variable effects seen on neurological function. 12 Another study in The Netherlands showed that during 12 years of follow-up of 46 patients with confirmed MS, increasing lesion loads, atrophy and axonal loss were associated with disease severity as determined by the MS Severity Score (MSSS). 13 The MSSS method is based on the EDSS, but uses an algorithm that incorporates the distribution of disability in patients with similar disease durations.
Consequently, MSSS provides information about disease progression as well as current disability status 14 (see Table 1 ). These three components are used to produce a combined Z-score that indicates the overall relative difference from the mean of a non-diseased population. The reliability of the MSFC was demonstrated in a small study of 10 MS patients at a treatment centre in the US. Repeated tests conducted by two technicians showed that the MSFC provided excellent reproducibility in terms of intra-and inter-rater variability. In another study, the T25FW and 9HPT were repeated for five consecutive days in 63 patients with MS from four different university treatment centres in the US. The results showed a <20% variation in individual mean scores. 18 It was concluded that changes >20% in MSFC scores were needed to reliably indicate a true change in function for a patient. This represents a substantial change in status and a weakness of this scoring system, which might not detect smaller or more subtle deteriorations in a patient's condition and may thus fail to alert the clinician to the need for improved treatments or support.
There are many other tests for assessing general MS status. Some of these are designed to assess HRQoL, e.g. the Family Assessment of MS Trial Outcome Index (FAMS-TOI), comprising the dimensions mobility, symptoms, emotional wellbeing, general contentment, thinking and fatigue, family and social wellbeing and additional concerns. 19 Specifically designed for assessing patients diagnosed with MS, this scale provides a comprehensive determination of disease status; the mobility subscale is highly predictive of EDSS and has been used in large-scale MS trials. 20 Other tests used in MS populations were designed to be used in various diseases affecting neurological abilities: the Health Utilities Index Mark 3 (HUI3), which assesses eight aspects of disease effects; 21 the MS Impact Scale-29
(MSIS-29), which addresses physical and psychological impact in two separate subscales; 22 and the Short Form-36 (SF-36). 23, 24 The latter was primarily designed to assess various aspects of QoL in many different diseases and populations, with 25% (nine out of 36) of the questions relating to mobility (see Table 1 ). While these instruments provide good overall assessments of disease, the determination of mobility in each is inherently limited and the tests are considered by many to be insufficiently precise, or inappropriate, for accurately monitoring progression of mobility in MS patients. The perceived shortcomings in general disability test methods to specifically assess mobility in MS patients led some neurologists to call for improved methods and assessment scales to more precisely determine the parameters associated with walking ability, and for mobility to be more generally recognised as a major indicator of MS progression.
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Methods for Assessing Mobility and Gait in Multiple Sclerosis
Mobility tests are mostly simple, requiring minimal equipment or facilities, and can be completed within a few minutes. An overview of the more frequently used tests is given in Table 3 . Some of these tests include an assessment of gait, a vital and complex factor influencing walking ability. Gait is affected by strength, motor control, range of motion and sensation. In MS, there is no one gait type that is characteristic of the disease, although some frequent gait features have been observed. 26, 27 A consensus meeting sponsored by the Consortium of MS Centers (CMSC) in 2009 developed recommendations for the determination of gait in MS. 4 It was agreed that this complex function can only be assessed by measuring a range of parameters. The participants recommended a set of five mobility tests considered to form a useful preliminary measure of gait in MS: T25FW, Dynamic Gait Index (DGI),
12-Item MS Walking Scale (MSWS-12), Timed Up and Go Test (TUGT)
and the Six-Minute Walk (6MW). All of these assessments are easy to perform, require minimal equipment and provide reliable and valid data; some lack accurate assessment of gait and some require clinician training.
The MSWS-12 is a prominent example of a walking-ability test specifically developed for MS patients. 1 The test consists of 12 questions related to walking and running ability and the requirement for support. The DGI is a frequently used test, originally developed to assess the risk of falling, which comprises eight sets of tasks to assess various facets of gait. Performance is graded on a scale of 0-3. The neurologist or technician observes the patient performing tasks that include walking at different speeds for fixed time periods, walking while their head is turned and ability to avoid obstacles while walking. The DGI has been shown to be a reliable and valid method, the results of which are inversely correlated with results from a timed walk over a 6.1m distance. 28 The TUGT was primarily designed as a means of assessing the risk of falling in the elderly, but it also addresses wider aspects of mobility. [29] [30] [31] [32] [33] [34] This timed test requires subjects to rise from an armchair, walk three metres, return and sit down as quickly as they are able. Subjects with higher scores were generally less mobile and at greater risk of falling. A study of 413 community-dwelling and 78 institutionalised elderly women showed that reduced levels of physical activity and residence in an institution were strongly associated with poorer performance on the TUGT (p<0.0001 for both criteria). 31 The TUGT method is a useful assessment of mobility but evaluation in MS patients has been limited. 35, 36 The T25FT is often used as a stand-alone test of mobility (see Table 3 ). As a measure of mobility it is limited in scope, as it only gauges walking speed and not other specific characteristics of gait or balance. The T25FT is an integral part of the MSFC test, which was discussed above under methods for general assessment of disability in MS. 37, 38 In addition to the five preliminary tests listed by the consensus group, the Six Spot Step Test (SSST) has recently been used to assess MS patients. 39 Patients are instructed to walk as quickly as possible between marked circles in a rectangular floor area measuring 1x5m
following diagonal paths and knocking wooden blocks out of each circle using the same foot (see Figure 1) . A study in Denmark and The
Netherlands of 151 patients with MS showed that the SSST performed better than the T25FW in terms of dynamic range, floor effect and discriminatory power. It was suggested by the authors that this might be a better test to use as part of the MSFC described above, but further research is required.
There are many more tests of mobility that have been used for limited numbers of investigations in MS patients (see Table 3 ). The choice of test usually depends on investigator preference or established practice at each treatment centre. A simple alternative to these tests is observation in a controlled clinical setting; however, this approach requires experience and a thorough understanding of normal and abnormal gait and has poor inter-rater reliability. 4 Given the multiplicity of test methods available, it may be necessary to establish new guidelines that recommend particular methods and attempt to standardise assessments used at different treatment centres and in clinical trials.
Methods for the Assessment of Balance and Prediction of Falling in Multiple Sclerosis
Several different tests have been used in MS patients to specifically assess balance or assess it as part of a wider determination of mobility (see Table 4 ). Some of these tests, such as the Berg Balance Test, require no special equipment. The patient completes a questionnaire and is then asked to make a number of defined movements while initially sitting and then moving to a standing position and then finally balancing on one leg. 40 Results using this method showed that use of an 
Use of Devices to Monitor Mobility and Activity
When studying mobility in MS patients, it is necessary to monitor movement and exertion over extended periods. To achieve this, some investigators have conducted trials using accelerometers worn by MS patients to continuously monitor activity. These devices provide a good measure of both physical activity and walking compared with patient self-report methods, which tend to be more restricted in the range of parameters reported and for various reasons are likely to be less accurate. 44, 45 In a study including 269 patients with RRMS, selfreport questionnaires were effective at assessing either walking (using MSWS-12 and Patient-Determined Disease Steps) or physical activity (using the Godin Leisure-Time Exercise Questionnaire [GLTEQ] and International Physical Activity Questionnaire). However, no questionnaire was effective at assessing both aspects. 45 The use of accelerometers in the same set of patients provided an accurate assessment of both walking and physical activity.
A new tool for assessing gait in MS patients is the GaitRite ® system, which consists of a portable walkway mat with an active area measuring 366x61cm containing a total of 13,820 pressure sensors. 46 When a patient walks over the walkway, the system is able to capture the geometry of each footfall and computes multiple temporal and spatial parameters. This enables a rapid and detailed analysis of gait, monitors change in parameters and compares them with normal performance. The system can also assess muscle weakness and determine risk of falling. This type of system for monitoring walking is new and is currently restricted to a limited number of treatment centres, but it has the potential to monitor patient walking performance more accurately than most of the currently used tests.
Future Developments in Mobility Assessment and Management in Multiple Sclerosis
Existing measures of disability are mostly elements of other tests that assess wider aspects of MS status and are too 'general-purpose' for an accurate assessment of walking ability and specific aspects of gait.
The limitations of the more frequently used test methods may become more widely recognised, causing many neurologists to make greater use of more specific tests and questionnaires and to develop new instruments including wider-ranging questionnaires that will more accurately determine mobility and gait.
As mobility tests are inexpensive and require fewer resources than 
